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The stability of a coastal upwelling jet and front was investigated using the primitive equa-
tions applied to a continuously stratified flow in geostrophic balance (Barth, 1994). A linear
stability analysis explained the growth of two modes of instability with distinctly different
horizontal scales. A long-wavelength mode (fastest-growing wavelength of 0(100 km)) was
a modified version of a traditional baroclinic instability. A second, rapidly growing frontal
instability was also found and had the following properties: fastest growth at short wave-
lengths (0(20 km)); e-folded in less than 1.5 days; propagated rapidly in the direction of the
mean flow. The frontal mode was trapped to the surface front and its influence was confined
to the upper water column (2570 m). A significant subsurface vertical velocity maximum
(20 m d-! at 30 m) was associated with the frontal instability. The linear stability predic-
tions were verified by and compared with results from a time-dependent, three-dimensional,
nonlinear ocean circulation model.

The linear stability analysis was also applied to observed sections of salinity and velocity
from the buoyancy-driven Alaska Coastal Current (Barth, 1994b,c). Again, two modes of
mesoscale variability were found. One unstable mode represented a modified form of tradi-
tional baroclinic instability with fastest-growth (e-folding in 1.8 days) occurring at 63 km
with a slow phase speed (0.09 m s7!) in the direction of the mean flow. A second unsta-
ble ageostrophic, frontal instability mode had a fastest-growing wavelength of 40 km that
e-folded in 2.3 days and propagated rapidly (0.57 m s™!) in the direction of the mean flow.
A three-dimensional, time-dependent, fine-resolution numerical ocean circulation model was
used to study the nonlinear evolution of the unstable buoyancy-driven coastal jet. Early
in the simulation, short-wavelength frontal instabilities grew and propagated along the jet.
Eventually, the frontal instabilities were frictionally damped and the long-wavelength baro-
clinic instability became dominant. The wavelength (65 km) and phase speed (0.09 m s™1)
were in excellent agreement with linear predictions. The baroclinic instability amplified into
a series of backward-breaking waves whose crests eventually pinched off to form fresh, anti-
cyclones while saline cyclones remained in the troughs. The scales of these eddies (diameters
of 40 km) were consistent with those evident in maps of dynamic height from the Alaska
Coastal Current. Vigorous vertical velocities, as large as 25 m day~?, associated with the
unstable meandering coastal current were noted to be potentially important for the vertical
flux of material into the euphotic zone in the Alaska Coastal Current.

Density and velocity data from a high-resolution, upper-ocean survey in the California Cur-
rent using SeaSoar and a shipboard acoustic Doppler current profiler were used to diagnose
vertical velocity via the quasigeostrophic omega equation (Shearman et al., 1998). The di-
agnosed vertical velocity field showed velocities of 30-40 m d~'. The lateral distribution
of relative vorticity and vertical velocity was characterized by patches with length scales of
20-30 km. Geostrophic streamline analysis of vertical velocity indicated that water parcels
made net vertical excursions of 20-30 m over 2-3 days, resulting in net vertical velocities of

A 19980630 018



COLLEGE OF
OCEANIC &
ATMOSPHERIC SCIENCES

OREGON

STATE
UNIVERSITY

Oceanography Adm Bldg 104
Corvallis, Oregon
97331-5503

Telephone
541-737-1607

Fax
541.737-2064

June 22, 1998

Dr. Thomas H. Kinder
Office of Naval Research
Code 321CD, Room 428
800 North Quincy Street
Arlington, VA 22217-5660

Dear Dr. Kinder,

In order to complete my ONR grant entitled “Buoyancy-Driven Coastal
Currents”, I am sending three copies of the Final Technical Report to you
with copies distributed as indicated below, along with a completed Report
Documentation Page (SF 298).

Sincerely,

[t

Dr. Jack A. Barth
Associate Professor

Enclosures

Defense Technical Information Center (2)
8725 John J. Kingman Rd, Suite 0944
Ft Belvoir, VA 22060-6218

Administrative Contracting Officer (1)
Office of Naval Research

Seattle Regional Office

1107 NE 45th St, Suite 350

Seattle, WA 98105-4631

Director, Naval Research Laboratory (1)
Attn: Code 2627
Washington, DC 20375



10-15 m d~. Water parcels moving along geostrophic streamlines experienced maximum ver-
tical velocities in regions of maximum alongstream change in relative vorticity, an indication
of potential vorticity conservation.
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